Summary 1. Effects of chemical modifiers : p-chloromercuric benzoate (PCMB) ; N-ethylmaleimide (NEM) ; iodoacetic acid (IAA) ; 5,5-dithiobis-2-nitrobenzoate (DTNB) ; and dinitrofiuorobenzene (FDNB), and of metabolic inhibitors : NaCN; and 2,4-dinitrophenol (DNP) on taste responses in the chorda tympani of rats were studied. 2. PCMB, NEM, and IAA at optimum concentrations depressed the sucrose response selectively without producing significant change in responses to the other three basic quality taste stimuli. The depression of the sucrose response was reversibly restored by water rinse. DTNB produced no observable effect. 3. The inhibitory effect of PCMB on the sucrose response was twenty times stronger than that of NEM. 4. The mechanism of the depression of the sucrose response by PCMB and NEM was classified as a type of competitive inhibition. 5. No effect of PCMB or NEM on responses to the four basic quality stimuli was observed when they had been mixed with mercaptoethanol. 6. FDNB depressed responses to NaCl, HCl, and quinine without producing any influence on sucrose responses. 7. The metabolic inhibitors did not depress taste responses. BEIDLER (1954) proposed in a site theory for taste receptor stimulation that binding of the molecules of the chemical stimulus to specific receptor sites which are assumed to be formed by amino acid residual groups of protein would lead to the initiation of nerve impulses. Several kinds of protein residual groups have been suggested by a number of investigators as the receptor site of sugars. For example, SHALLENBERGER and ACREE (1967) stated in their molecular theory of sweet taste that the interaction between the receptor site and the sweet substance is a concerted interaction of hydrogen bonds and the site could be a protein amino group of glutamine or asparagine. Based on the experiments on bovine tongue extract, which is unusually rich in lysine, DASTOLI (1968) maintained that the amino
proposed in a site theory for taste receptor stimulation that binding of the molecules of the chemical stimulus to specific receptor sites which are assumed to be formed by amino acid residual groups of protein would lead to the initiation of nerve impulses. Several kinds of protein residual groups have been suggested by a number of investigators as the receptor site of sugars. For example, SHALLENBERGER and ACREE (1967) stated in their molecular theory of sweet taste that the interaction between the receptor site and the sweet substance is a concerted interaction of hydrogen bonds and the site could be a protein amino group of glutamine or asparagine. Based on the experiments on bovine tongue extract, which is unusually rich in lysine, DASTOLI (1968) maintained that the amino group of lysine could possibly serve as the receptor site of a sweet-tasting substance in the Shallenberger theory.
On the other hand, YEREVA (1957 YEREVA ( , 1961 reported that sensitivity to taste stimuli, including sugar stimulus, was markedly depressed when the sulfhydryl groups, present in the protein on the receptor membrane of the frog tongue, were blocked by an application of CdCl2. Also, in the palatal chemoreceptors of the carp several heavy metal salts have an inhibitory effect on the neural responses to sugars and salts (HIDAKA, 1970) . This evidence suggests the possibility that some reactive groups of protein molecules in the taste receptor membrane take part in the interaction between the receptor sites and taste stimuli.
The results of the present study revealed that taste sensitivity to one of the four basic quality stimuli is selectively depressed when a reactive group of a particular kind is selectively blocked by applying several chemical modifiers to the rat tongue.
A preliminary report of this study has already appeared elsewhere (NOMA and HIJI, 1970) .
MATERIALS AND METHODS
Female rats of Sprague-Dawley strain weighting 150-250 g were used. Rats were anesthetized by intraperitoneal injection of sodium amobarbital (70 mg/kg body weight). Experimental methods in the present study were essentially the same as those employed by YAMASHITA and SATO (1965) . Integrated responses to taste stimuli were recorded from the chorda tympani. For stimulation of taste receptors, the tongue was enclosed in a flow-chamber through which 100 ml of a test solution was passed for about twenty sec. Before and after each stimulus the tongue was rinsed with 300-400 ml tap water. Stimuli were applied successively to the tongue at an interval of three to five min. To avoid a thermal response of the nerve, both the test solutions and tap water were adjusted to 28°C. As the four basic quality taste stimuli, 0.05 Ni NaCl, 0.6 Ni sucrose, 0.02 M quinine HCl, and 0.005 N HCl were employed in addition to sucrose solutions of varying concentrations.
As chemical reagents modifying the receptor protein molecules, p-chloromercuric benzoate (PCMB), N-ethylmaleimide (NEM), iodoacetic acid (IAA), 5,5-dithiobis-2-nitrobenzoate (DTNB), and dinitrofluorobenzene (FDNB) were employed in the present experiment. The former four were used to modify -SH groups present in the receptor protein molecules and the latter one to modify amino and several other residual groups.
Test solutions were prepared before each experiment to avoid the possibility of their breakdown. PCMB was dissolved in 1-2ml of 1 N NaOH and diluted in 5 liters distilled water, and the solution was adjusted to pH 7.2 with 0.1 N sulfuric acid. NEM, IAA, and DTNB were dissolved in distilled water and adjusted to pH 8.0 with a Tris-buffer solution. PCMB is illustrated in Fig. 3 , in which the response magnitude is expressed relative to the control value, with each point indicating the mean value of three experimental results. In 3 min to 30 min after the application of PCMB, the magnitude of the sucrose response decreased gradually to 60 % of the control value, while that of the NaCl response was essentially unchanged. After the tongue was rinsed with water for 10 or 20 min, the depressed response to sucrose recovered up to 80 or 90 % of the control. Even though more prolonged treatment by PCMB or NEM of appropriate concentrations was performed, complete suppression of sucrose responses was not observed. Relationships between sucrose concentration and the response magnitude
The integrated responses to sucrose of varying concentrations with (B) and without (A) prior treatment by NEM are shown in Fig. 4 . As shown in this figure, the integrated responses to sucrose solutions at all concentrations are significantly smaller after treatment by NEM than those obtained from the untreated sample. It is clearly shown in Fig. 5, A and B , that the magnitude of sucrose responses was shifted toward a higher sucrose concentration after depression by reagents. When the dose-response relationships are replotted according to LineweaverBurk's equation (LINEWEAVER and BURK, 1934) Effect of -SH protector on the depression of the sucrose response
The effect of addition of an -SH protector to PCMB solution on the depression of the sucrose response was examined. An example is presented in Fig. 6 . Effects of other inhibitors on the gustatory responses IAA at 10-4 M yielded a slightly depressant effect on the sucrose response without producing significant change in response to other three basic quality stimuli, while no depressant effect was obtained from 10-2 M DTNB. Prior application of 10-3 M NaCN or 10-3 M DNP to the surface of the tongue for 30 min produced little effect on the responses to the four basic quality stimuli. After application of 5 x 10-4 M FDNB, which is known to modify amino groups of the protein, responses to NaCl, quinine, and HCl were irreversibly depressed, while no effect on sucrose response was observed (Fig. 7) . Therefore, the effect of FDNB on the responses to the taste stimuli is exactly contrary to that of PCMB, NEM, and IAA. (1957, 1961) reported that the sensitivity of the taste receptors in the frog to all the four basic quality stimuli as well as to tap and distilled water was much reduced or eliminated after the treatment of the tongue with CdCl2, which is known as a blocking agent of the -SH groups. His study indicates that the elimination of all the taste responses was caused either by damage to taste cells after penetration inside the cell by reagents or by changes in the function of all kinds of receptor sites on the taste cell membrane.
The present study shows that applications of chemical modifiers to the tongue selectively depress neural responses to a particular kind of taste stimulus. When PCMB, NEM, and IAA were applied to the rat tongue, they depressed the neural 
